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(54) Method and apparatus for interf requency handoff in a wireless communication system 



(57) Inter-frequency handoffs in a CDMA or other 
wireless communication system are controlled using a 
noise-limited coverage trigger metric which is able to 
distinguish between same-frequency cell boundaries 
and other-frequency cell boundaries in the system. The 
trigger metric may be generated as a function of ah av- 
erage signal-to-noise measure for pilot signals received 
at a mobile station of the system and a linear sum of the 
signal-to-noise measures. The signal-to-noise meas- 
ures may be generated in the mobile station and includ- 
ed in messages transmitted from the mobile station to 
one or more base stations of the system. The trigger 
metric is used to control a handoff from a current fre- 



quency to a new frequency in an ongoing call. The trig- 
ger metric may alternatively be based on a measure of 
mobile receive power alone. Other aspects of the inven- 
tion reduce unnecessary searching for a new frequency 
and decrease the likelihood of "ping-ponging" from a 
current frequency to a new frequency by providing ad- 
ditional checks in the handoff process. For example, re- 
ceive power and pilot signal-to-noise measures may be 
generated at a mobile station for both current and new 
frequencies. The mobile station then continues to oper- 
ate at the current frequency as long as certain predeter- 
mined threshold conditions based on the measures are 
satisfied. 
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Description 

Field of the Invention 

[0001] The present invention relates generally to wire- 
less communication systems and more particularly to 
techniques for performing inter-frequency handoffs in 
wireless code division multiple access (CDMA) systems 
and other types of wireless systems. 

Background of the Invention 

[0002] An important issue in IS-95 CDMA cellular and 
Personal Communications Service (PCS) wireless com- 
munication systems involves frequency handoffs be* 
tween adjacent cells or antenna sectors. Each of the 
cells in such a system generally includes a base station, 
and the base station associated with a given cell may 
include an omnidirectional antenna or a multiple-sector 
directional antenna for communicating with mobile sta- 
tions such as portable telephone handsets. As a mobile 
station moves throughout the system, its position rela- 
tive to the system base stations changes, such that an 
ongoing call or other communication may need to be 
handed off from one base station to another, or from one 
antenna sector to another. Adjacent base stations and 
antenna sectors are typically configured to utilize differ- 
ent communication frequencies in order to minimize ef- 
fects such as co-channel interference. Handoffs from 
one cell or sector to another may therefore involve 
changing the communication channel frequency from a 
current frequency to a new frequency. Such handoffs 
are generally referred to as inter-frequency or other-fre- 
quency handoffs. 

[0003] A number of techniques have been proposed 
for improving the efficiency and success rate of inter- 
frequency handoffs in IS-95 CDMA systems. These 
techniques utilize messages such as Extended Handoff 
Direction Messages (EHDMs), Other Frequency Neigh- 
bor List Messages (OFNLMs), Other Frequency Neigh- 
bor List Response Messages (OFNLRMs) and Other 
Frequency Report Messages (OFRMs)to implement in- 
ter-frequency handoffs. Although proposed techniques 
based on these messages can reduce the number of 
call drops during a frequency transition these tech- 
niques still suffer from a number of drawbacks. For ex- 
ample, the OFRM message is presently configured to 
allow a mobile station to report a signal-to-noise meas- 
ure which is both "interference limited" in that it will typ- 
ically decrease as the mobile moves across same-fre- 
quency cell boundaries, and "noise limited" in that it will 
also decrease as the mobile moves across other-fre- 
quency cell boundaries. For a measure which is inter- 
ference limited, interference due to signals generated 
by other cells is greater than the noise level, while for a 
measure which is noise limited, the noise level is greater 
than the interference due to signals generated by other 
cells. A same-frequency cell boundary may be defined 



by a set of points at which the strength of a pilot signal 
from one c&( exceeds that of a pilot signal from an ad- 
jacent cell, u ere both *he pilot signals are at the same 
frequency. An other-frequency cell boundary may be de- 

s fined as a set of points at which a signal from one cell 
at a designated frequency exceeds the strength of a sig- 
nal from an adjacent cell at another frequency by a spec- 
ified number of decibels. An OFRM message which uti- 
lizes conventional signal-to-noise measures cannot be 

io used to distinguish same-frequency cell boundaries 
from other-frequency cell boundaries, and therefore 
does not provide an optimal trigger for inter-frequency 
handoffs. 

[0004] In addition, the above-noted message-based 

is techniques will often involve a base station commanding 
a mobile station to perform a periodic search for a new 
frequency as soon as the mobile station enters into a 
transition area near the edge of a new cell or sector. 
However, this periodic search tends to degrade voice 

20 quality of an ongoing call, while also reducing the speed 
of the search for new potential base stations at the cur- 
rent frequency. Moreover, in many practical applica- 
tions, this periodic search for a new frequency can be 
unnecessary if the mobile is operating under certain 

25 types of radio frequency (RF) conditions. Yet another 
significant problem with the above-noted techniques is 
that the techniques may increase the likelihood of "ping- 
ponging" or rapid switching between the new frequency 
nnd the current frequency. More particularly, it may be 

30 possible in some areas of the system that both the new 
frequency and the current frequency will have good RF 
coverage, which could lead to ping-ponging if, for exam- 
ple, the mobile station reports the received power and 
signal-to-noise measure for only the new frequency. 

35 

Summary of the Invention 

[0005] The invention provides methods and appara- 
tus for improving inter-frequency handoffs in CDMA and 
40 other types of wireless communication systems. In ac- 
cordance with a first aspect of the invention, a noise- 
limited coverage trigger is provided which may be used 
to distinguish between same-frequency cell boundaries, 
which are generally interference limited, and other-f re- 
45 quency cell boundaries, which are generally noise lim- 
ited. The coverage trigger is used to control inter-fre- 
quency handoffs, and can be implemented using signal- 
to-noise measurements performed in a mobile station. 
In an illustrative embodiment, the coverage trigger may 
so be generated as the difference between the average 
transmit signal-to-noise measure for all significant pilots 
and the linear sum of significant pilot signal-to-noise 
measures reported in a Power Measurement Report 
Message (PMRM) or Pilot Strength Measurement Mes- 
55 sage (PSMM) transmitted from the mobile station. 

[0006] Alternative embodiments may utilize the mo- 
bile receive power alone as a trigger metric. For exam- 
ple, a measure of mobile receive power incorporated in- 
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to a PSMM can be used to trigger a handoff to another 
frequency using a "database" approach. In this ap- 
proach, when the mobile receive power in a given cell 
becomes small and the mobile sees primarily border cell 
pilots, a particular pilot is selected from a list of neighbor 
pilots stored in a database for that cell, and the mobile 
is instructed to perform a "blind" handoff to the selected 
pilot at the new frequency. In this manner, a mobile can 
be instructed to perform a handoff to a new frequency 
without taking any pilot Ec/lo measurements at the new 
frequency. The mobile receive power can also be used 
in the mobile to filter periodic reports. For example, the 
mobile may only make PSMM reports when the mobile 
receive power drops below a threshold, which may be 
specified by the current cell site. 
[0007] Other aspects of the invention provide alterna- 
tive techniques for controlling inter-frequehcy handotfs 
in a wireless communication system. These techniques 
can substantially eliminate unnecessary periodic 
searches in a frequency transition area, while also re- 
; ducing the likelihood of ping-ponging between a current 
frequency and a new frequency In an illustrative em- 
bodiment, the invention involves adding additional field 
parameters to an Extended Handoff Direction Message 
(EHDM) of an IS-95 CDMA system. The additional field 
parameters include one or more thresholds which en- 
sure that a mobile station initiates a search for a new 
frequency, for example, only if its received power at the 
current frequency is lower than a certain threshold, or-if 
a sum o1 signal-to-noise values for its active pilot signals 
at the current frequency is less than a certain threshold. 
The mobile can also be configured to operate such that 
if the received power at the new frequency does not ex- 
ceed the received power at the current frequency by a 
designated hysteresis amount, then a search is not per- 
formed in the new frequency. The invention thus pro- 
vides additional checking criteria for use in inter-fre- 
quency handoffs to ensure that unnecessary tuning and 
search in the new frequency is avoided. 
[0008] Further improvements can be provided in inter- 
frequency handoffs in other illustrative embodiments of 
the invention. For example, a mobile station in an area 
in which a transition is to be made from a current fre- 
quency to a new frequency is configured to report re- 
ceived power and signal-to-noise values for both the 
new frequency and the current frequency If these val- 
ues indicate that the mobile station is operating under 
acceptable RF conditions at the current frequency, there 
is no need to perform an inter-frequency handoff. This 
aspect of the invention can substantially reduce the like- 
lihood of ping-ponging between the current and new fre- 
quencies, as compared to the conventional inter-fre- 
quency handoff techniques noted above. 

Brief Description of the Drawings 

[0009] FIG. 1 shows an exemplary code division mul- 
tiple access (CDMA) wireless communication system in 



which inter-frequency handoffs in accordance with the 
invention may be implemented. 
[0010] FIG. 2 is a block diagram showing an exem- 
plary mobile station which can perform inter-frequency 
5 handoffs in accordance with the invention. 

[0011] FIGS. 3A and 3B show a flow diagram illustrat- 
ing a frequency handoff process which may be imple- 
mented in the mobile station of FIG. 2 in accordance 
with one aspect of the invention. 

10 

Detailed Description of the Invention 

[0012] The present invention will be illustrated below 
in conjunction with an exemplary IS-95 code division 
is multiple access (CDMA) wireless communication sys- 
tem. It should be understood, however, that the inven- 
tion is not limited to use with any particular type of com- 
munication system, but is instead more generally appli- 
cable to any wireless system in which it is desirable to 
20 provide improved performance for frequency handoffs. 
For example, although the techniques are illustrated 
with reference to the IS-95 CDMA cellular and personal 
communications service (PCS) systems, it will be ap- 
parent to those skilled in the art that the techniques are 
2S also applicable to other CDMA systems, as well as to 
other types of wideband and narrowband wireless sys- 
tems. The term "primary base station" as used herein 
refers generally to a base station communicating direct- 
ly with a given mobile station, such as the base station 
30 handling an on-going call for the mobile station. The 
term "current frequency" refers generally to the channel 
frequency used by a mobile station for an ongoing call 
or other communication. The term "new frequency" re- 
fers to a potential channel frequency to which an ongo- 
35 jng call or other communication may be handed off as 
the mobile station moves within the wireless system. 
[0013] FIG. 1 shows an exemplary cellular or personal 
communication services (PCS) system 10. The system 
10 is configured in accordance with Tl A/El A/I S-95A, 
40 "Mobile Station - Base Station Compatibility Standard 
for Dual-Mode Wideband Spread Spectrum Cellular 
System," June 1996, and ANSI J-STD-008, "Personal 
Station - Base Station Compatibility Requirements for 
1.8 to 2.0 GHz Code Division Multiple Access (CDMA) 
45 Personal Communication Systems," both of which are 
incorporated by reference herein. The system 10 in- 
cludes a mobile station (MS) 12 and a number of base 
stations BS1 , BS2, BS3 and BS4. The base station BS1 
of FIG. 1 represents a primary base station, communi- 
so eating with mobile station 1 2 via the path designated by 
solid two-way arrow 24, while the surrounding base sta- 
tions BS2, BS3 and BS4 may serve as secondary base 
stations which can detect signals transmitted via the 
paths indicated by dashed one-way arrows 26. The pri- 
55 mary base station BS1 communicates with the mobile 
station 12 using CDMA techniques described in the 
above-cited standards documents. As the mobile sta- 
tion 12 moves within the system 10, handoffs occur, 
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such that base stations other than BS1 become primary 
base stations for communicating with the mobile station 
12. The system 10 in this illustrative embodiment also 
includes first and second mobile switching centers 
(MSCs) 1 4-1 and 14-2. A given MSC typically connects 
several BSs with a public switched telephone network 
(PSTN) 16. For example, MSC 14-1 connects base sta- 
tions BS1 and BS2 with the PSTN 16 and MSC 14-2 
connects base stations BS3 and BS4 with the PSTN 1 6. 
The system 10 also includes a memory 18 having a 
number of registers including a home location register 
(HLR) 20 and a visitor location register (VLR) 22. The 
HLR 20 and VLR 22 store user data and billing informa- 
tion for each mobile station 12 of the system 10. 
[0014] FIG. 2 shows a more detailed view of the mo- 
bile station 12. The mobile station 1 2 includes an anten- 
na 32 which receives signals from and transmits signals 
to base stations of the system 10. A receive signal is 
directed by a diplexer filter 33 to an input of a receiver 
34 which may implement conventional downcon version, 
demodulation, digital-to-analog conversion and other 
processing of the receive signal. A transmitter 35 per- 
forms complementary operations such as analog-to- 
digital conversion, modulation and upconversion to gen- 
erate a transmit signal which is directed via diplexer 33 
to the antenna 32 for transmission. A processor 36 is 
coupled to both the receiver 34 and the transmitter 35. 
The processor 36 operates in conjunction with a mem- 
ory 38 to control the communication functions of the mo- 
bile station 12. For example, data or other information 
in messages which are part of a receive signal may be 
supplied to processor 36 such that processor 36 can im- 
plement the process steps to be described in conjunc- 
tion with FIGS. 3A and 3B below. The processor 36 may 
also perform receive signal power and signal-to-noise 
measurements, and generate messages which are in- 
corporated into the transmit signal for transmission to 
one or more base stations. 

[001 5] A first aspect of the invention relates to a noise- 
limited coverage trigger which, unlike conventional in- 
ter-frequency handoff triggers, may be used to distin- 
guish between "interference-limited" same-frequency 
cell boundaries, and 'noise-limited" other-frequency cell 
boundaries. The coverage trigger is used to control in- 
ter-frequency handoffs, and can be implemented using 
signal-to-noise measurements performed in a mobile 
station. As will be described in greater detail below, an 
exemplary coverage trigger in accordance with the in- 
vention may be generated as the difference between the 
average transmit signal-to-noise measure for all signif- 
icant pilots and the linear sum of significant pilot signal- 
to-noise measures reported in otherwise conventional 
Power Measurement Report Message (PMRM) or Pilot 
Strength Measurement Message (PSMM) transmitted 
from the mobile station. For example, an exemplary trig- 
ger metric Tn in accordance with the invention may be 
defined as: 



Tn-Fe- Es 

where Fe is the average transmit Ec/lo value in dB for 

s all significant pilots, and Es is the linear sum of all sig- 
nificant pilot Ec/lo values reported in the PMRM or 
PSMM messages from the mobile station. The term "sig- 
nificant pilots" refers generally to pilots which are no less 
than X dB below the largest pilot as measured at the 

10 mobile, where X may be approximately six or another 
suitable value. An Ec/lo value for a given pilot is a meas- 
ure of the ratio of signal energy to interference plus noise 
at the pilot frequency. A typical handoff threshold for Tn 
might be between about 3 dB and 5 dB. 

is [0016] This portion of the description will utilize the 
notational convention that values expressed in logarith- 
mic quantities (i.e., dB) begin with an upper case char- 
acter, while values expressed in linear quantities begin 
with a lower case character. For example, the average 

20 fraction fe of transmit power in the pilots may be ex- 
pressed as fe - 10 F6/1 °. The fraction fe is given by: 

fe = ?.(eyL(e.lf) 

25 

where e is a sorted (1 , n) vector containing all Ec/lo val- 
ues for the significant pilots, f \s a (1, n) vector of ail 
transmit Ec/lo values corresponding to the elements of 
e, n is the number of significant pilots as seen from the 
30 mobile station, and e lf is an operation which divides 
each element of e by the corresponding element in f. If 
e and f have a length of 1 then fe = f. The vector! of 
transmit Ec/lo values may be expressed as: 

f = gp 2 l(9P 2 +gs 2 + Z(gv 2 )) 

where gp is a (1 , n) vector of pilot gain settings for each 
cell site corresponding to the elements of e, ga and gs 
40 are (1, n/vectors of page and sync channels in digital 
gain units (DGUs), gv is an (m, n) matrix of voice channel 
gains, and X() applied to an (m, n) matrix sums the col- 
umns to yield a (1 , n) vector. The above-noted linear 
sum of Ec/lo values is then given by: 

45 

es = I,(e). 

[0017] The computation of the trigger metric Tn can 
so be repeated periodically* such as about every two to five 
seconds, when the mobile station is in a frequency tran- 
sition area. The computed metric is used to determine 
whether an inter-frequency handoff should take place. 
For example, a trigger metric having a value which ex- 
ss ceeds a threshold may be used to indicate the need for 
a particular inter-frequency handofl. Unlike convention- 
al handoff triggers, the above-described trigger is able 
to distinguish same-frequency cell boundaries from oth- 
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er-frequency cell boundaries, and Is therefore particu- 
larly well suited for use in controlling inter-frequency 
handoffs. 

[001 8] Alternative embodiments of the invention may 
utilize a handoff trigger which is based on mobile receive 
power alone. For example, a measure of mobile receive 
power incorporated into a PSMM can be used to trigger 
a handoff to another frequency using an approach 
based on neighbor information stored in a database. A 
handoff which utilizes this approach may be initiated 
when the mobile receive power in a given cell becomes 
small and the mobile sees primarily border cell pilots. A 
border cell may be characterized as a cell which is miss- 
ing some neighbors on the same frequency A particular 
pilot is selected from a list of neighbor pilots stored in a 
database for the given cell, and the mobile is instructed 
to perform a "blind" handoff to the selected pilot at the 
new frequency. In this manner, a mobile can be instruct- 
ed to perform a handoff to a new frequency without tak- 
ing any pilot Ec/lo measurements at the new frequency. 
The mobile receive power can also be used in the mobile 
to filter periodic reports. For example, the mobile may 
only make PSMM reports when the mobile receive pow- 
er drops below a threshold, which may be specified by 
the current cell site. 

[001 9] FIGS. 3A and 3B show a flow chart which illus- 
trates an inter-frequency handoff process in accordance 
with another aspect of the invention, as carried out by 
mobile station 12 of system 10 in a frequency transition 
area. The frequency transition area may be, for exam- 
ple, an area in which the mobile station 1 2 is approach- 
ing the vicinity of one or more base stations while main- 
taining an ongoing call or other communication with a 
primary base station. Step 40 of FIG. 3A indicates that 
the mobile station 12 is communicating with a base sta- 
tion over a CDMA traffic channel. The mobile station 1 2 
in step 42 receives an Other Frequency Neighbor List 
Message (OFNLM) from a base station, in step 44 sends 
out an Other Frequency Neighbor List Response Mes- 
sage (OFNLRM) in response to the OFNLM message, 
and in step 46 receives an Extended Handoff Direction 
Message (EHDM). The OFNLM, OFNLRM and EHDM 
are described in detail in the above-cited IS-95 standard 
document, and provide information regarding inter-fre- 
quency handoff in the CDMA system 10. 
[0020] In steps 48 and 50, the mobile station 12 
checks whether the received power at the current fre- 
quency utilized by the CDMA traffic channel is greater 
than a threshold M1N_RX_PWR_CURR, and whether 
the sum of Ec/lo values for the active pilots is greater 
than a threshold MIN_SUM_ECIO_CURR. If either of 
these checks is not passed, the process moves to step 
52 in which the mobile station tunes to a new frequency 
in order to expbre a potential handoff opportunity. If both 
of the checks of steps 48 and 50 are passed, then the 
operation of tuning to the new frequency in step 52 is 
not performed since the mobile station is under accept- 
able RF conditions at the current frequency. Acceptable 



RF conditions may be defined as conditions such that 
the mobile received Ec/lo value is within Y dB of the 
transmit Ec/lo value, where Y is typically 3 or less. The 
checks of steps 48 and 50 help to eliminate the unnec- 
5 essary tuning and searching operations typically asso- 
ciated with conventional inter-frequency handoff tech- 
niques. 

[0021] If either of the checks of steps 48 and 50 are 
not passed, such that the mobile station tunes to a new 

io frequency in step 52 to explore a potential handoff op- 
portunity, the mobile station then in step 54 checks 
whether the received power at the new frequency is 
greater than a threshold MIN_RX_PWR_NEWF. The 
mobile station in step 56 also checks whether the differ- 

15 ence between the received power at the new frequency 
and the received power at the cu rrent frequency is great- 
er than a threshold HYSTERESIS_RX_PWR. This 
check serves to further reduce the likelihood that unnec- 
essary tuning and searching operations will be carried 

20 out, while also reducing ping-ponging between the cur- 
rent and new frequencies. If either of the checks in steps 

54 and 56 is not passed, then the mobile station in step 

55 tunes back to the current frequency, and sends an 
Other Frequency Report Message (OFRM) which re- 

25 ports the following measurements: (1 ) the received pow- 
er at the current frequency (RX_PWR_CURR); (2) the 
received power at the new frequency 
(RX_PWR_NEWF); and (3) the Ec/lo values of all active 
pilots measured at the new frequency The Ec/lo value 

30 for a given pilot is a measure of the signal energy of that 
pilot to the noise plus interference at the pilot frequency. 
Other types of signal-to-noise measures may also be 
used. 

[0022] If both of the checks in steps 54 and 56 are 

35 passed, then the mobile station performs a search for a. 
new active set of frequencies and/or a neighbor list for 
the new frequency. In step 58, a determination is made 
as to whether the new active set is empty. If the new 
active set is empty, the mobile station searches in step 

40 59 for other flagged pilots in the OFNLM message re- 
ceived in step 42. Additional details regarding this type 
of searching in an IS-95 CDMA system can be found in 
the above-cited IS-95 standard document and, for ex- 
ample, E. Tiedemann and T. Chen, "Inter-Frequency 

45 Hard Handoff Improvements (Rev. 2)," Qualcomm con- 
tribution to TR45.5, TR45.5. 3. 1/97.03.20.02, March 20, 
1 997, and P. Jain et al., "Proposed IS-95-B Text for Inter- 
Frequency Hard Handoff Improvements," Qualcomm 
contribution to TR45.5/97.03.20.03, March 17-21, 1997, 

50 which are incorporated by reference herein. 

[0023] If the new active set is not empty, the mobile 
station in step 60 checks whether the sum of Ec/lo val- 
ues for all of the active pilots in the new active set is 
greater than a threshold MIN_SUM_ECIOJMEWF. If the 

55 check of step 60 is not passed, the process goes to step 
59 to search for other flagged pilots in the OFNLM mes- 
sage. If the check of step 60 is passed, the mobile sta- 
tion in step 62 uses the new active set while also search- 
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ing for other flagged pilots in the OFNLM message, A 
determination is made in step 64 as to whether the mo- 
bile station has received a "good" frame within a desig- 
nated waiting period MAXJA/AIT. A good frame is gen- 
erally one in which substantially all of the bits in the s 
frame have been received correctly. If a good frame is 
received within the MAXJA/AIT period, the mobile sta- 
tion in step 66 completes the inter-frequency handoff by 
sending an HCM, and continues the ongoing call on the 
new frequency. 10 
[0024] If a good frame is not received within the 
M AX_WAIT period in step 64, or after the search for oth- 
er pilots in step 59 is commenced, the process moves 
to step 70 of FIG. 3B. If the search for other pilots is 
determined in step 70 to be the first search after receipt is 
of the EHDM in the mobile station, the mobile station in 
step 71 tunes back to the current frequency, and sends 
an OFRM which reports the following measurements: 
(1) the received power at the current frequency 
(RX_PWR_CURR); (2) the received power at the new 20 
frequency (RX_PWR_NEWF); (3) the Ec/lo values of all 
active pilots at the current frequency; and (4) the Ec/lo 
values of all active pilots at the new frequency. Providing 
this information in the OFRM ensures that the base sta- 
tion will have better control on the handoff trigger. Step 2s 

71 is also performed if an "always report" condition is 
determined to exist in step 72, or if the sum of the Ec/lo 
values of the flagged pilots in the OFNLM message is 
greater than a threshold MINLSUM_ECIO_NEWF in 
step 74. In the "always report" condition, a flag will be 30 
set which tells the mobile to send an OFRM regardless 

of whether or not the sum of the new frequency pilots is 
above a threshold. If none of the conditions in steps 70, 

72 and 74 are met, the mobile station tunes back to the 
current frequency in step 76, and then continues the call 35 
at the current frequency, as shown in step 78. 

[0025] As noted previously, if both of the checks of 
steps 48 and 50 are passed, then the tuning to the new 
frequency in step 52 is not performed since the mobile 
station is under acceptable RF conditions at the current 40 
frequency. The process instead moves to step 80 of FIG. 
3B. If step 80 indicates that the process is on its first 
search for other flagged pilots after receipt of the EHDM 
in the mobile station, the mobile station in step 82 sends 
an OFRM which reports the following measurements: 45 
(1) the received power at the current frequency 
(RX_PWR_CURR); and (2) the Ec/lo values of all active 
pilots at the current frequency. 

[0026] A determination is then made in step 84 as to 
whether periodic search is to be performed. Perform- so 
ance of periodic search maybe specified by a flag which 
is set to indicate that the mobile will search the new fre- 
quency periodically without further instructions to 
search. If periodic search is not being performed, the 
mobile station continues the call at the current frequency ss 
as shown in step 86. If periodic search is being per- 
formed, the mobile station continues the call at the cur- 
rent frequency as shown in step 78, as long as step 88 
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indicates that the current time modulo the designated 
search period is not equal to zero. When the time mod- 
ulo the search period is equal to zero in step 88, the 
process returns to step 48 of FIG. 3A. Step 84 and its 
subsequent operations are also performed if either of 
the checks in steps 54 and 56 is not passed, after the 
mobile station in step 55 tunes back to the current fre- 
quency and sends the above-noted OFRM reporting 
RX_PWR_CURR, RX_PWR_NEWF and the Ec/lo val- 
ues of all active pilots measured at the new frequency. 
[0027] The inter-frequency handoff process de- 
scribed above in conjunction with FIGS. 3A and 3B may 
be implemented by altering otherwise conventional IS- 
95 EHDM and OFRM to include a number of additional 
fields for providing the above-noted thresholds. For ex- 
ample, the EHDM may be modified to include the thresh- 
old MIN_RX_PWR_CURR used in step 48, the thresh- 
old MIN_SUM_ECIO_CURR used in step 50, and the 
threshold HYSTERESIS_RX_PWR used in step 56. 
The OFRM could be modified such that it includes fields 
for measurements such as RX_PWR_CURR, 
RX_PWR_NEWF, the Ec/lo values of all active pilots at 
the current frequency, and the Ec/lo values of all active 
pilots at the new frequency, as shown in step 71. The 
inter-frequency handoff process of FIGS. 3A and 3B can 
thus be implemented using simple modifications to mes- 
sage formats in conjunction with appropriate program- 
ming of software, firmware or hardware in processor 36 
and memory 38 of the mobile station 12. 
[0028] The foregoing description of the invention is in- 
tended to be illustrative only. For example, it should be 
noted that the EHDM, OFRM and other messages uti- 
lized in the above description are exemplary only, and 
the inter-frequency handoff techniques of the invention 
may be incorporated using other types of messages or 
signaling and with other types of wireless systems. In 
addition, the Ec/lo measurements reported by a mobile 
station may be replaced with other types of signal-to- 
noise measurements or mobile received power meas- 
urements. These and numerous other alternative em- 
bodiments within the scope of the folbwing claims will 
be readily apparent to those skilled in the art. 



Claims 

1. A method of controlling a frequency handoff in a 
wireless communication system in which a mobile 
station communicates with one or more base sta- 
tions, the method comprising the steps of: 

generating a trigger metric as a function of an 
average transmit signal-to-noise measure for a 
plurality of pilot signals and a sum of the signal- 
to-noise measures for at least a subset of the 
plurality of pilot signals; and 
utilizing the trigger metric to control a handoff 
from a current frequency to a new frequency in 
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2. 



an ongoing call. 

Apparatus for use in controlling frequency handoffs 
in a wireless communication system in which a mo- 
bile station communicates with one or more base 5 
stations, the apparatus comprising: 



a processor for generating a trigger metric as a 
function of an average transmit signal-to-noise 
measure for a plurality of pilot signals and a 
sum of the signal-to-noise measures for at least 
a subset of the plurality of pilot signals; and 
a memory for at least temporarily storing a rep- 
resentation of the trigger metric, such that the 
trigger metric is used to control a handoff from 
a current frequency to a new frequency in an 
ongoing call in the system. 



3. 



5. 



6. 



7. 
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15 



A method as claimed in claim 1 or apparatus as 
claimed in claim 2 wherein the trigger metric is gen- 
erated as the difference between an average trans- 
mit signal-to-noise measure for the plurality of pilot 
signals and a linear sum of pilot signal-to-noise 
measures for the plurality of pilot signals. 

A method as claimed in claim 1 or apparatus as 
claimed in claim 2 wherein the signal-to-noise 
measures are generated in the mobile station and 
included in messages transmitted from the mobile 
station. 

A method or apparatus as claimed in claim 4 where- 
in the system is an IS-95 CDMA system and the 
messages transmitted from the mobile station in- 
clude at least one of a Power Measurement Report 
Message (PMRM) and a Pilot Strength Measure- 
ment Message (PSMM). 

A method as claimed in claim 1 or apparatus as 
claimed in claim 2 wherein the trigger metric is con- 
figured so as to distinguish same-frequency cell 
boundaries from other-frequency cell boundaries. 

A method of controlling a frequency handoff in a 
wireless communication system in which a mobile 
station communicates with one or more base sta- 
tions, the method comprising the steps of: 

generating measures of receive power and pilot 
signal-to-noise for both a current frequency and 
a new frequency; and 

utilizing at least a subset of the measures to de- 
termine if an ongoing call involving the mobile 
station should continue to operate at the cur- 
rent frequency or be handed off to the new fre- 
quency. 
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wireless communication system in which a mobile 
station communicates with one or more base sta- 
tions, the apparatus comprising: 

a processor which is operative (i) to obtain 
measures of receive power and pilot signal-to- 
noise for both a current frequency and a new 
frequency, and (ii) to utilizing at least a subset 
of the measures to determine if an ongoing call 
involving the mobile station should continue to 
operate at the current frequency or be handed 
off to the new frequency; and 
a memory for at least temporarily storing one 
or more thresholds for use by the processor in 
determining if the ongoing call should continue 
at the current Irequency or be handed off to the 
new frequency. 

9. A method of controlling a frequency handoff in a 
wireless communication system in which a mobile 
station communicates with one or more base sta- 
tions, the method comprising the steps of: 

generating a trigger metric as a function of a 
measure of receive power at the mobile station; 
and 

utilizing the trigger metric to control a handoff 
from a current frequency to a new frequency in 
an ongoing call, wherein the handoff is per- 
formed without utilizing any signal-to-noise 
measu res for pilot signals at th e new frequency. 

10. An apparatus for use in controlling frequency hand- 
offs in a wireless communication system in which a 
mobile station communicates with one or more base 
stations, the apparatus comprising: 

a processor for generating a trigger metric as a 
measure of receive power at the mobile station; 
and 

a memory for at least temporarily storing a rep- 
resentation of the trigger metric, such that the 
trigger metric is used to control a handoff from 
a current frequency to a new frequency in an 
ongoing call in the system, wherein the handoff 
is performed without utilizing any signal-to- 
noise measures for pilot signals at the new fre- 
quency. 
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8. Apparatus for controlling a frequency handoff in a 
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trigger metric may be generated as a function of an av- 
erage signal-to-noise measure for pilot signals received 
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ures may be generated in the mobile station and includ- 
ed in messages transmitted from the mobile station to 
one or more base stations of the system. The trigger 
metric is used to control a handoff from a current fre- 
quency to a new frequency in an ongoing call. The trig- 
ger metric may alternatively be based on a measure of 
mobile receive power alone. Other aspects of the inven- 
tion reduce unnecessary searching for a new frequency 
and decrease the likelihood of "ping-ponging 0 from a 
current frequency to a new frequency by providing ad- 
ditional checks in the handoff process. For example, re- 
ceive power and pilot signal-to-noise measures may be 
generated at a mobile station for both current and new 
frequencies. The mobile station then continues to oper- 
ate at the current frequency as long as certain predeter- 
mined threshold conditions based on the measures are 
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